Introduction
Collectively, plants produce more than 100,000 natural products (also known as secondary metabolites). The underlying genetic basis of their chemical elaboration appears at first to be dauntingly complex. However, the rich diversity of many chemical structures found in the plant kingdom arises from a number of chemical scaffolds (of many types in terpene biosynthesis, of a much more limited number in flavonoid biosynthesis) modified by a limited number of chemical substitution types (hydroxylation, glycosylation, acylation, prenylation, O-methylation, etc.) (Fig. 1) . Much of the chemical diversity is brought about by the substrate-and/or regio-specificities of the substitution enzymes. Functional genomics of plant natural product pathways therefore centers in large part on identifying genes encoding the substitution enzymes that determine the chemical complexity of a given plant species.
This chapter highlights the problems of how to assign metabolic function to gene sequences that appear to encode enzymes of secondary metabolism. We argue that metabolomic analysis is an essential complement to "genomic" approaches for functional annotation of genes involved in plant natural product biosynthesis (see Fig. 2 for a summary of the concept and potential strategies). However, developments in this field have lagged far behind those for gene discovery per se.
Gene Discovery -Past and Present Strategies
The classical biochemical approach for characterization of metabolic pathway genes relied on assay-directed purification of the protein followed by protein sequence determination, synthesis of gene-specific oligonucleotides based on the protein sequence, and screening of cDNA or genomic libraries (or use of polymerase chain-reaction (PCR) approaches) to clone the corresponding gene. This approach has been very successful in the past (see Kutchan 2002 for an excellent summary in relation to alkaloid biosynthesis), but is somewhat laborious and "low throughput". Manipulation of proteins is often more Fig. 1 . Simplified outline of plant natural product biosynthesis, showing the interface between primary and secondary metabolism and the intermediacy of common scaffolds. In flavonoid biosynthesis, the great diversity of chemical structures depends largely on the modification and substitution of the scaffold, often catalyzed by the products of members of large gene families (an example is given on the right). Note that in terpenoid biosynthesis, much of the diversity arises from the formation of different scaffolds arising from differential cyclization products formed by different but closely related terpene cyclase enzymes, and further changes most often involve oxidation and reduction reactions
